Abstract. Numerous efforts exist for developing primary prostate cancer cultures for studying the biology of this tumor entity and for evaluation of the effectiveness of novel therapies. However, there is doubt if cultures that represent the fully differentiated phenotype can be established. The aim of the present study was to characterize primary outgrowing prostate epithelial cells due to their basal or luminal characteristics and their potential for serving as androgen-responsible model. From fresh prostate cancer radical prostatectomy specimens, pieces of ~2-4 mm diameter were placed on top of transwell culture chambers, which were coated with matrigel and cultured in prostate epithelial selection medium with 10% fetal calf serum. The monolayer of outgrowing cells was incubated with a physiological concentration of 1 nM dihydrotestosterone (DHT). One group was additionally cultivated without DHT and another group was treated with the 5-·-reductase-inbitors MK-368 and MK-905. From the monolayer of the outgrowing cells, RNA was isolated and the expression of androgen receptor (AR), prostate-specific antigen (PSA), Kallikrein 2 (KlK2), prostate-specific membrane antigen (PSMA), and prostate stem cell antigen (PSCA), cytokeratin (CK)5, and CK18 was determined by realtime quantitative PCR. The outgrowing cells from the prostate cancer tissue pieces could be characterized as epithelial cells with basal and transit amplifying characteristics as shown by co-expression of CK5 and CK18. In all cultures, a very low expression of the luminal cell marker genes AR, PSA and KLK2 was measured. The levels of PSCA were clearly higher with a broad variation. Upon cultivation without DHT or treatment with ·-reductase inhibitors no regulation of AR, PSA and KlK2 was found. Due to the co-expression of basal and luminal marker genes, primary prostate cancer cultures can be charaterized as models of transit amplifying cells of the prostatic epithelium. They do not represent the differentiated secretory androgen-responsive cell phenotype.
Introduction
Historically, in vitro cultures of human prostatic cells have been limited in availability and scope compared to those from various other organs. Therefore, three spontaneously established cell lines, PC3, DU145 and LNCaP and sublines thereof are by far the most commonly used cell culture models in prostate cancer research. However, they were all derived from metastases and therefore do not span the range of prostate cancer phenotypes and in particular are not representative of primary adenocarcinomas (1) . For these reasons, primary cultures of malignant prostatic cells and their normal epithelial counterparts are intensively sought.
A variety of substantially similar methods are available to etstablish primary cultures of prostatic epithelial cells derived from benign or malignant tissues. Tissues are typically disaggregated mechanically or with enzyme cocktails. Then small clumps are inoculated into dishes containing specialized media and cultured or co-cultured with stromal cells (2) . Although there was controversity about the relevance as secretory cell phenotype, these models were frequently used for characterizing prostate cancer growth and gene expression (3) .
The goal of the present study was to establish and characterize primary prostate cancer cultures with respect to their utility as androgen-relevant model.
Materials and methods
Tumor tissues. Tumor tissue was obtained with informed consent from 33 patients with histologically verified primary prostate carcinomas undergoing radical prostatectomy at the Department of Urology, University Hospital of Freiburg. None of these patients had received preoperative antitumor therapy. The grading of the tumors was Gleason 6 (n=3), Gleason 7 (n=15), Gleason 8 (n=12), Gleason 9 (n=2) and Gleason 10 (n=1). Under pathologic direction, tumor areas were sectioned. From all sides of the samples a small piece was embedded in paraffin for determination of the tumor content on hematoxylin and eosin (H&E) sections. ONCOLOGY REPORTS 23: 465-470, 2010 Primary prostate cancer cultures are models for androgen-independent transit amplifying cells Primary cell cultures. Cultivation of explants was performed on semi-permeable polyethyleneterephthalate (PET) membranes as growth surface, which are part of special inserts in 6-well companion plates (Becton-Dickinson, Heidelberg, Germany). The growth area of one insert was 4.2 cm 2 . The inserts were first coated with extracellular matrix, which was diluted 1:20 with PBS according to the manufacturer's protocol (Matrigel, Collaborative Research, Inc., Bedford, MA).
The fresh tumor specimen were cut into small pieces (2-4 mm in diameter). Five pieces were placed on each insert and covered with prostate epithelial selection medium (PREGM, Cambrex, East Rutherford, NJ) supplemented with 2% fetal calf serum (FCS). The inner compartment of the culture chamber was filled with 2 ml DMEM supplemented with 10% FCS and a physiological concentration of 1 nM DHT. In separate cultures of the same tissue samples, the 5-·-reductase inhibitors MK906 and MK386 at 10 μM (kindly provided by MSD Sharp & Dohme, Haar, Germany) were added instead of DHT or DHT was omitted. Then the companion plate was incubated in a humidified atmosphere of 5% carbon dioxide. When the outgrowing cells formed a monolayer around the tumor pieces, medium was changed regularly. After about three weeks the insert membranes were covered with outgrowing cells. Then the cells were harvested by incubation with cell dissociation solution (Sigma, Deisenhofen, Germany) for 1 h. The cells were washed twice with PBS and the number of viable and dead cells was quantified by trypan blue incorporation.
cDNA synthesis from template RNA. Total RNA from 1x10 5 cells was isolated with silicagel-based membranes (RNeasy, Qiagen, Hilden, Germany) according to the manufacturer's protocol. cDNA synthesis was performed at 42˚C for 60 min in a final volume of 100 μl which contained 50 μl of denatured RNA, 20 μl 5X buffer (Promega, Heidelberg, Germany), 5 μl dNTP-Mix (dATP, dCTP, dGTP, dTTP, Promega), 1.5 μl RNAsin (40 U/μl, Promega) 2.5 μl 150 pM random hexamer primers and 2.5 μl AMV reverse transcriptase (10 U/μl, Promega).
Real-time quantitative PCR. Thermocycling for each reaction was performed in a final volume of 10 μl containing 4 μl of cDNA template, 0.2 μl of each sense and antisense primer (250 pM), 0.4 μl probe (10 pM), 5 μl light Cycler 480 Probe Master Mix (Roche Diagnostics, Mannheim, Germany) and 0.2 μl ultrapure water. After 4 min of initial denaturation at 95˚C, the cycling conditions of 45 cycles for each gene consisted of denaturation at 95˚C for 10 sec, annealing at 60˚C for 30 sec, elongation at 72˚C for 1 sec and a final cooling step to 40˚C for 10 sec. GAPDH (glycerinaldehyde-3-phosphate-dehydrogenase) was used as reference gene. The standard curves for all genes were prepared with an LNCaP template at dilutions of 1:10, 1:100, 1:1000 and 1:10000. The PCR reactions were performed in a Light Cycler 480 Instrument (Roche Diagnostics). Experiments were prepared in duplicates for each data point. The relative gene expression was normalized on the basis of the expression of the LNCaP standard curve (abssolute quantification values). Finally, the expression of each gene was normalized to the expression of the gene GAPDH. Primer and probe sequences for the genes determined are given in Table I .
Results

Morphological characterization of outgrowing cells in primary cultures.
Cell cultures were prepared from 33 prostate cancer Table I . Primer and probe sequences used in the real-time RT-PCR.
tissue specimens, which were confirmed to contain >70% cancerous tissue by the adjacent surrounding histology. In all cases, the organoids attached within 2-5 days and cellular outgrowths could be observed. Morphological assessment demonstrated cuboidal cells forming polygonal colonies of various grades of architecture, mostly orderly distributed as monolayer (Fig. 1) . The cell proliferation in the cultures differed in the individual tumor samples, without correlation to the tumor content or Gleason score. However, the size of the organoids influenced cell growth in as far as the outgrowth from small tissue pieces was slower. The monolayer of one insert (4.2 cm 2 ) usually consisted of 5x10 5 to 5x10 6 viable cells. intermediate prostate epithelial cells, we tested PSCA expression in the primary cultures. In almost all measured cultures, PSCA mRNA was present. There was a broad variation in the different cell cultures. Data are shown in Table II .
Expression of PSMA in the primary cell cultures. Expression of prostate-specific membrane antigen (PSMA) was very low in the 33 primary cell cultures tested. There was no correlation to the Gleason score of the parental tissue. Data are given in Table II .
Expression of AR, PSA and KlK2 in the primary cell cultures.
AR mRNA expression was generally very low in the primary cell cultures. Additionally, the expression of the androgenregulated genes PSA and KlK2 was low as determined by quantitative real-time PCR. The values of both genes varied highly in the different cultures. The median expression of PSA was lower compared to KlK2 (Table II) .
Effects of androgen depletion in the primary cultures.
In order to study the androgen-relevance of the primary cultures, we established cultures with and without 1 nM DHT, respectively, from tissue samples of 14 patients (patients no. 1-14 in Table II ). There was no difference in the groups with respect to morphology and proliferation of the outgrowing cells. The expression levels of AR and the androgen-relevant genes KlK2 and PSA were not significantly different in the treatment groups. Data are given as box plots in Fig. 3A . Patient  Gleason  Tumor content  AR  PSA  KLK2  PSMA  PSCA  CK5  CK18  - 
----------------------------------------------------------------------------------------------------
Additionally, cultures obtained from tissue samples of 9 patients (patients no. 15-23 in Table II) were treated with DHT and with the 5-·-reductase inhibitors MK368 and MK905 respectively. Comparison of these cultures showed no difference in cell proliferation. As shown in Fig. 3B , neither expression levels of AR, nor of PSA and KlK2 showed significant alterations upon androgen depletion conditions.
Discussion
Among the most important tools which may disclose the heterogeneous properties of prostate cancer cells are in vitro culture techniques. In recent years several biological models have been developed in order to propagate prostate cancer cells from primary cancer tissues.
In most cases, small tissue samples were typically disaggregated either mechanically or with enzyme cocktails and then single cells or small clumps inoculated into dishes containing specialized media (3, 5) . Generally, there are two problems arising with the outgrowing cells: i) no clear differentiation can be made with respect to the benign or malignant character of these cells and ii) findings about their basal or luminal secretory character are controversial.
Within the human prostatic epithelium, two major cell types are discernible, basal and luminal, which differ in their morphologies, patterns of cytokeratin expression and hormonal response. Luminal cells are characterized by the expression of CK8/CK18, and hormonal relevance, while basal cells express CK 5 and are androgen-independent (6).
For achieving a secretory phenotype in primary prostate cultures, elevated serum concentrations (7), the use of collagen gels and addition of stromal cells (8) were suggested.
Due to these suggestions, we have established a cell culture system where small tumor clumps, so-called organoids, were layered on matrigel-coated PET membranes and covered with an epithelial selection medium supplemented with FCS. Since no differentiation marker exists to discriminate malignant from benign prostate epithelial cells, samples with high pathological tumor content were chosen. Interestingly, there was no correlation between the grading of the parental tissue and the morphology of the culture or proliferation.
In our system, cells were growing faster, when the tumor pieces were relatively large. Therefore, it is suggested that the epithelial cells are supplied with growth factors from the stromal part of the organoids. The importance of stromal cells for proliferation of prostate epithelial cells was also emphasized by other authors (9, 10) . Alternatively, these factors can be supplied by a fibroblast co-culture (11, 12) . However, in order to have a complete autologous system, we cultured without fibroblasts.
In our cultures, the outgrowing epithelial cells expressed CK5 as basal cell marker and simultaneously CK18 as luminal cell marker as well as very low AR, PSA and KlK2, which suggests a lack of complete differentiation. Therefore, they resemble cells described as transit amplifying cells or intermediate cells (13) . This corresponds to a study by Garraway et (15) .
In our system we found a minimal expression of AR and the AR-relevant genes PSA and KlK2 and no alterations upon androgen deprivation. This might be expected for transit amplifying cells, however, is in contrast to a few other published studies. Festuccia et al for instance found moderate high levels of AR, PSA and KlK2 in outgrowing cells from prostate tissue clumps (16) and a decreased cell proliferation upon treatment with 5-·-reductase inhibitors (17) . Moreover, bicalutamide was shown to decrease cell viability in a dosedependent manner (18). Nanni et al described the outgrowing cells from small prostate tissue fragments as highly enriched in the secretory luminal phenotype (19) .
However, most investigators suggest that primary prostate cell cultures outgrowing from tissue express low or no AR and PSA and do not respond to androgen or respond minimally (3, 20) . Whereas not suitable for testing androgenrelevant questions, these cultures may be useful for comparing gene expression in samples of different origin (21, 22) .
In conclusion, based on our data it can be confirmed that primary prostate outgrowing cells from tissue organoids are models of transit amplifying cells of the prostatic epithelium. However, they do not represent the androgen-responsive secretory phenotype.
